INTRODUCTION
Indian Summer Monsoon (ISM) precipitation during the twentieth century is characterized by a biennial oscillation, such that ISM precipitation varied between singularly strong and weak years but rarely deviated far from its mean state for consecutive years [Meehl and Arblaster, 2002] . This observation has engendered a hypothesis that dynamic feedbacks internal to the monsoon system ballasts it against sustained anomalies. Meehl [1993] and Loschnigg and Webster [2000] argue that the Indian Ocean (IO) provides the inertia to carry the influence of 1 year's monsoon circulation on to the next. According to this hypothesis, warm ocean temperatures in the IO are conducive to enhanced convection, which through air-sea interactions and large-scale wind fields during strong monsoon circulation, cool the surface ocean and ultimately suppress convection the following year.
The development of high-resolution paleoclimatic records from regions in the heart of the monsoon domain provide a long-term perspective on monsoon precipitation variability [Buckley et al., 2007; Sinha et al., 2011a; Buckley et al., 2010; Cook et al., 2010; Borgaonkar et al., 2010; Sano et al., 2009] , which allows for an empirical test of the theory that the ISM is a self-regulating system. These proxy records from the monsoon region, which expand in many cases through the last millennium, clearly show the presence of monsoon anomalies that may last for decades or longer Cook et al., 2010; Sinha et al., 2011a] . The most pronounced and best replicated of these events occurred during the mid-to late fourteenth century when monsoon precipitation was reduced to 80% of its mean for over 30 years [Berkelhammer et al., 2010] . Levermann et al. [2009] and Schewe et al. [2011] use a simple dynamical model to show the capacity for the monsoon system to bifurcate between an active and suppressed state due to feedbacks between moisture advection and latent heating from condensation during monsoon precipitation. Based on this model, sustained monsoon suppression, as observed in the paleorecord, arises from the influence that external boundary conditions such as radiative forcing or low-frequency large-scale ocean modes have on IO sea surface temperatures (SSTs). These changes in SSTs influence the moisture-carrying capacity of the marine atmosphere and reduce moisture advection onto the Indian subcontinent during monsoon circulation. In a paleoclimate context, these changes appear large enough to override the internal stability that occurs from the quasi-biennial monsoon feedback cycle [i.e., Meehl, 1993] .
The capacity for the system to bifurcate into a suppressed state is a source of prevailing concern in light of the consequences this would impose on municipal and agricultural systems across the Indian subcontinent. Paleoclimatic records of previous monsoon failures are therefore useful both for testing the dynamics of monsoon suppression and also for understanding the role that climate and water availability played in previous societal changes across Asia [Graham et al., 2011; Pausata et al., 2011; Zhang et al., 2008; Sinha et al., 2007] . For example, evidence of widespread famine and societal unrest across India during the major droughts of the fourteenth and seventeenth centuries illustrates the cultural impacts of such shifts in the monsoon system [Sinha et al., 2007] and also provides a test of the capacity for hindcast general circulation model simulations to capture the dynamics of monsoon change [Graham et al., 2011] .
In this paper, we present a new record of the δ
18
O of calcite from a speleothem that spans 3600 to 12,500 years B.P. The proxy is located in Cherrapunji, India, which is among the wettest locations on Earth with an annual average precipitation in excess of 11,000 mm, 70% of which falls during the summer monsoon months (June through September) [Murata et al., 2007] . While the site is not located in the core monsoon zone of India [Hoyos and Webster, 2007] , it is situated in a location that is highly sensitive to the northward propagating convective systems that originate in the Bay of Bengal and penetrate into the Tibetan Plateau. The record provides one of the first high-resolution terrestrial-based proxies of the monsoon over South Asia through the early to mid-Holocene and, therefore, yields opportunities both to capture the response of the monsoon to shifts in large-scale boundary conditions and to consider how the monsoon system influenced the spatiotemporal development of civilization across the Indian subcontinent. In the context of this multimillennia record, we focus our analysis and discussion on the presence of a singular abrupt and sustained change in the monsoon that occurred approximately 4000 years B.P. and lasted for almost two centuries (Figure 1) .
The monsoonal shift documented here occurs temporally close to the 4.2k Event, which was characterized by a series of abrupt and nearly concomitant climatological changes that occurred in the Middle East [Weiss et al., 1993; Cullen et al., 2000] , and nearly synchronous with large hydrological changes in East Africa [Gasse, 2000; Thompson et al., 2002; Arz et al., 2006] , southern Europe [Drysdale et al., 2006; Wagner et al., 2009] , and southern China [Hong et al., 2003] as well as in the tropical IO [Rijsdijk et al., 2011] . There exists a standing controversy regarding the role that changes in the monsoon at this time may have played in the large-scale deurbanization of the Indus Valley Civilization that occupied a region presently part of northwest India and Pakistan [Madella and Fuller, 2006; Misra, 1984; Clift et al., 2012] . A clear linkage between a shift in either the strength of the monsoon or winter season precipitation regimes and the documented societal changes at the time have long been hampered by (1) poor age constraints on many of the regional proxy records [Singh et al., 1990; Enzel et al., 1999] and (2) that many of the proxies such as lake pollen or sedimentation rates may be influenced by nonclimatic factors such as tectonics or land use change [Madella and Fuller, 2006; Clift et al., 2012] . Further adding to the enigma is the fact that some key regional proxies show no obvious evidence for climatic changes during this period [Fleitmann et al., 2003] . We aim to shed light on this controversy by providing a direct terrestrial climate proxy from the Indian subcontinent, which has unprecedented age constraints (20 years) and resolution (5 years) during the period in which significant deurbanization occurred. The new record presented here suggests that the period of large-scale Indus Valley Figure 1 . The KM-A isotope record from NE Indian is shown both as raw data (purple) and smoothed using a Lanczos filter (black) where the isotopic ratios are reported relative to Vienna PeeDee Belemnite and the y axis is reversed. Dots on the x axis are used to delineate the locations where U/Th dates were used to generate the age model. The size of the dot is proportional to the uncertainty. Please see Table 1 of supplementary material and Figure 2 for additional information on the dates. The location of the record is marked on the map as a star. A stack of additional records whose locations are represented with color coding on the map are shown for comparison. (top to bottom) Gulf of Oman dolomite record [Cullen et al., 2000] , the Shabban Deep foraminifera record [Arz et al., 2006] , the Mount Kilimanjaro dust record [Thompson et al., 2002] , southern Italy speleothem record [Drysdale et al., 2006] , Tibetan Plateau δ 13 C sedimentary cellulose [Hong et al., 2003] , and lake level record from central United States [Booth et al., 2005]. deurbanization [Madella and Fuller, 2006] occurred while the Indian Monsoon system was experiencing an anomaly larger than any other during the early to mid-Holocene.
METHODS

Analytical Analysis
In 2005, a calcitic stalagmite (KM-A) was collected from Mawmluh Cave (25°15′44″N, 91°52′54″E, elevation 1290 m) located in Cherrapunji, Meghalaya, in northeast India. KM-A was collected from a large chamber of the cave about 1500 m from the entrance. Continuous temperature measurements over the course of a year from inside the chamber suggest a remarkably stable ambient environment with temperatures varying between 18.0°C and 18.5°C [Breitenbach, 2009] . Repeated spot measurements of the relative humidity showed values in excess of 95% even during the dry season. High relative humidity, minimal temperature fluctuations, and the deep location of the sampling spot represent theoretically optimal conditions for calcite to form in isotopic equilibrium with the percolating precipitation. While no mineralogical analyses were done on the sample, there were no obvious visual changes in the color or texture during the 4 kyr B.P. excursion. Furthermore, because this region is among the wettest locations on Earth and has experienced only minimal interannual variations during the instrumental period, we have confidence that the vapor pressure in the chamber would remain close to saturated even during periods when the monsoon was relatively weak. This suggests that variations in the δ 18 O of the calcite reflect, to a first order, changes in the precipitation-weighted δ 18 O p . The sample was split along its growth axis, and continuous powdered calcite samples were removed using both a Dremel tool and automated drilling system. The isotopic composition of individual powdered calcite samples was measured using dual-inlet isotope ratio mass spectrometry, where the calcite is reacted with phosphoric acid, and the resulting CO 2 is measured relative to a reference gas that has been calibrated against a series of known isotopic standards. The analyses were performed using an online automated carbonate preparation system linked to a VG Prism II isotope ratio mass spectrometer housed at the University of Southern California's stable isotope lab. Repeat measurements of standards and samples reveal a procedural uncertainty of <0.15‰. A total of 1128 isotopic measurements were made principally during 2009. The samples spanning the 3.8 to 4.5 kyr B.P. period were rerun on the same instrument in 2011 to ensure the analytical uncertainty during this critical period of the record were representative of the system's typical behavior.
Age Model
The age-depth relationship along the sample was constrained with 12 U/Th dates measured at the University of Minnesota following the methods of Cheng et al. [2009] (see Table 1 ) (refer to Appendix A for details of supplementary material). The age model was developed using the approach described by Scholz and Hoffmann [2011] , where a linear interpolation between depth and age is made through each progressive triplet of adjacent U/Th dates ( Figure 2 ). This process is repeated for 10,000 iterations using the twosigma uncertainty of the U/Th date as constraints in "jigging" the age model. This procedure affords a quantitative method to continuously assess the age uncertainty along the record despite having analytical constraints only at locations where the U/Th dates exist. Furthermore, this iterative procedure minimizes the influence imparted on the age model by subjective decisions regarding the depths U/Th measurements are made.
Although the full data set from KM-A is presented in Figure 1 , we focus the discussion primarily on the time period between 3800 and 5500 B.P. when the largest singular event is observed. During this period, the age uncertainty is <30 years, and the record shows linear growth rates, providing confidence in the timing (onset and duration) of the event. We emphasize that due to large age uncertainty and a rapid change in the growth rate during the middle part of this record (i.e.,~6-12 kyr B.P., Figure 2 ), this section is presented only preliminarily until additional constraints on the ages are available. While the growth rate obtained from the age-depth relationship could also be used as an additional climate proxy, we have no direct empirical evidence or strong theoretical guidance to transfer changes in growth rate into an environmental signal. Thus, with respect to climate variability, all discussion will focus on variations in the δ 18 O of the calcite.
Interpreting the Proxy
Speleothem proxies from the Asian monsoon region have been interpreted to largely reflect changes in monsoon strength because the isotopic composition of the speleothems is highly correlated with changes in local summer insolation due to the precession of the equinoxes [Wang et al., 2001] . Orbital variations affect the δ 18 O in speleothems by changing local precipitation processes and/or amounts [Wang et al., 2001; Cheng et al., 2009] , such as the ratio of summer-tospring precipitation (summer rainfall has more negative δ 18 O p than spring precipitation), the intensity of precipitation falling at a given location ("amount effect") [Dansgaard, 1964] or changes in the moisture source region [Pausata et al., 2011] . A number of pointed criticisms in the recent literature have required a reconsideration of the appropriate interpretation of the speleothem records from the inland regions of the Asian monsoon suggesting they are not in fact proxies for regional/local precipitation changes, but rather, reflect changes in seasonal precipitation balances and shifts in the isotopic composition of water vapor as a consequence of "upstream" processes over India [LeGrande and Schmidt, 2009; Pausata et al., 2011] . Both modeling and observational studies, however, indicate the presence of a consistently robust "amount effect" over the Indian subcontinent and uniformly suggest that isotopic records from this region yield information on monsoon precipitation amounts [Dayem et al., 2010; Pausata et al., 2011; Vuille et al., 2005] .
The region of NE India, from where the sample in this study was acquired, is outside of the core Indian monsoon Figure 2 . Age model for KM-A stalagmite based on the age-depth relationship of 12 U/Th dates. The age model was generated using StalAGE Scholz and Hoffmann [2011] where a Monte Carlo simulation is used to generate linear fits between each progressive subset (3) of dates. The two-sigma analytical uncertainty of each measured date (dots) is represented by the error bars, whereas the 95% uncertainty assessed through the Monte Carlo simulation is represented by the light gray lines. The algorithm produces a realistic representation of age uncertainty through regions of the stalagmite where no radiometric dates are available. The highlighted region in gray represents the time period in which this paper principally is focused. Through this section, the age error is typically less than 30 years. Table 1 of supplementary material contains some additional dates from KM-A through the middle section of the record that were excluded from the age model due to very large age uncertainty. This section of the age model is thus considered only preliminary.
zone [Berkelhammer et al., 2010] where most previous modeling and observational studies of the isotopic composition of ISM precipitation have been done [Vuille et al., [Yoshimura et al., 2008] , which provides an extended (multidecadal), albeit synthetic, data set of regional isotopic values and precipitation amount (Figure 3) .
IsoGSM reproduces the observed event-scale isotopic variability from Breitenbach et al. [2010] with skill (r 2 = 0.81, p << 0.01) (Figure 3 ) and the year-to-year variability in precipitation amounts (r 2 = 0.41, p << 0.01), which gives confidence that the monsoon dynamics in the model are represented sufficiently to generate a time series of δ
18
O p that can be used to test the climatic controls on δ
O p . As suggested from previous work, we find an inverse relationship between δ 18 O p of monsoon season (May-October) precipitation and monsoon season precipitation amount ( Figure  3) . A significant relationship is, however, only present when a seasonal-averaging window that includes September and [Breitenbach et al., 2010] and modeled δ 18 O p in Cherrapunji. This direct daily comparison between model and observation is feasible because of the use of a spectral nudging procedure in the simulation, which forces the model at each time step toward Reanalysis II atmospheric climate fields [Yoshimura et al., 2008] . From here, we infer the model is capable of reproducing the isotopic composition of precipitation at this site and is therefore useful for extrapolation and assessing the climate controls on δ October is used, suggesting that the presence of an "amounteffect" in this region largely reflects the close relationship between total monsoon precipitation and the timing of monsoon withdrawal [Fasullo and Webster, 2003] . Thus, during strong monsoon years, precipitation extends later into autumn [Fasullo and Webster, 2003] , and the isotopic composition of the accumulated precipitation is relatively depleted as a consequence of these late monsoon season rains, which are the isotopically lightest rains of the year [Sengupta and Sarkar, 2006; Breitenbach et al., 2010] .
Further empirical evidence of the precipitation signal in the KM-A record is garnered through isotopic analysis of a nearby speleothem record (WS-B from Sinha et al. [2011b] ), which grew throughout the instrumental era and can thus be calibrated directly against instrumental precipitation records. The record suggests the presence of a negative correlation between δ 18 O of the calcite and local precipitation amount and therefore that the inverse relationship between δ
O p and precipitation amount as observed in IsoGSM is carried through to the speleothem record.
The relationship between precipitation amount and δ
O p however, only accounts for between 20% and 30% of the total isotopic variability. Thus, while some of the variability in the KM-A record may be a direct proxy for monsoon strength, it is critical to acknowledge that changes in δ 18 O reflect a myriad of potential climatic processes. Breitenbach et al. [2010] and Sengupta and Sarkar [2006] discuss how a southerly shift in the locus of convective activity in the Bay of Bengal lead to precipitation that had experienced greater rainout and is therefore more depleted in heavy isotopes. In addition, a change in land surface processes that would shift the proportion of transpiration and bare-soil evaporation would influence δ 18 O p because the former seeds the atmosphere with relatively enriched vapor and the latter with relatively depleted vapor. Last, there is a strong seasonality in δ
O p in this region (Figure 3) , thus a change in the timing of monsoon onset (which is not particularly sensitive to total monsoon rainfall) [Fasullo and Webster, 2003] [Johnson and Ingram, 2004] , likely nonlinear and, ultimately, nonstationary. Furthermore, changes in the temperature of the chamber and humidity would impart effects on thermodynamic and kinetic fractionation between water and calcite that could produce some small isotopic variability not directly tied to monsoon processes. Until model simulations with isotope tracers and representative 4000 year B.P. boundary conditions are available, we will not attempt to cast the isotopic changes directly into quantitative climate terms.
RESULTS
The complete isotopic record (Figure 1 ) is characterized by a long-term parabolic trend, which is punctuated by a number of multicentennial excursions. The isotopic values in this speleothem are similar to, but more depleted than, modern [Sinha et al., 2011b] stalagmites during selected time windows. The PDFs were created using a nonparametric fit with a normal kernel. The width of the kernel was optimized following the default algorithm in the Matlab Software package. The data for the twentieth century distribution used all the data from the WS-B stalagmite from Sinha et al. [2011b] , whereas the 4.2 kyr data used all the data points between 4.1 and 3.8 kyr B.P., and the mid-Holocene data is that taken from 7-8 kyr B.P. calcite values measured from an actively growing sample in a nearby cave (Figure 4) [Sinha et al., 2011b] . The most isotopically enriched values of the entire record occur between 4071 B.P. (±18 years) and 3888 B.P. (±22 years) during which the calcite remained enriched by~0.8‰ relative to modern values (1.5‰ relative to the background values of the time) for a period of 183 years. The isotopic changes at this time manifested as a two-step process where values experienced a small steplike rise between~4315 and 4303 years B.P. and experienced a second and more precipitous rise between~4071 and 4049 years B.P. The abrupt shift occurred over approximately two decades, after which the values stabilized at this relatively enriched state for~180 years before rapidly returning to previous background values at 3888 years B.P. Comparably enriched isotopic values were periodically reached during the instrumental era for single years but never remained sustained at these enriched levels for more than a year or two [see Sinha et al., 2011b] (see also Figure 4 ). Thus, the monsoon over NE India at 4000 years B.P. could be considered analogous to end members of the modern monsoon. The only other section of the KM-A record that shows comparably enriched values are those from~12,000 B.P., which may correspond to the Younger Dryas, a period that has been identified from marine and speleothem records as being characterized by having notably diminished monsoon precipitation [Sinha et al., 2005; Rashid et al., 2011] .
DISCUSSION
Climate Changes in NE India at 4 kyr B.P.
The monsoon over northeast India appears to have experienced an abrupt excursion at 4000 years B.P., the magnitude of which, in terms of both amplitude and length, exceeds any other event during either the most recent 600 years [Sinha et al., 2011a] or throughout the early to midHolocene. Modeling of the isotopic composition of precipitation in this region suggests that a shift toward a consistently earlier monsoon onset or earlier withdrawal could both feasibly explain the observed isotopic enrichment during this time period. The earlier onset enriches isotopic values in the precipitation by including a greater percentage of spring precipitation in the annually weighted accumulation, while the earlier withdrawal reduces the contribution of depleted late-season precipitation, also leading to a more enriched annually weighted precipitate. Early monsoon withdrawal would suggest that the monsoon was weakened at the time [Fasullo and Webster, 2003] , which is consistent with the findings of Wang et al. [2005] . However, as noted earlier in this study and previously by Breitenbach et al. [2010] , there are a number of additional mechanisms that could have led to an increase in δ 18 O p , including a more northerly locus for the convective systems that form in the Bay of Bengal and rainout over northeast India [Sengupta and Sarkar, 2006] or a general weakening of monsoon-related convection, which enriches the precipitation by increasing postcondensational evaporation [Lee and Fung, 2008] .
The strength and/or seasonality of the monsoon is intimately tied to large-scale tropical ocean-atmosphere dynamics with secondary influences associated with land surface processes (i.e., latent heating and albedo) [Webster, 1987] . Abram et al. [2009] and Rashid et al. [2011] have both reviewed SST records from the western Tropical Pacific and IO from this time period and have found that SST patterns in the region likely underwent a formative change with warming in both the Indo-Pacific Warm Pool and eastern IO and cooling on the western margin of the IO. The SST pattern thus may have resembled something akin to a negative Indian Ocean Dipole (IOD) mode, which would have increased divergence over India and reduced the overall strength of monsoon circulation [Ashok et al., 2004] . A similar mechanism involving changes in regional SSTs and their influence on the dynamics of the ITCZ have been called upon to explain a number of other regional climatic changes around 4000 years B.P. including severe droughts in East Africa, Mauritius, and across the Mediterranean [Gasse, 2000; Rijsdijk et al., 2011; Thompson et al., 2002; Cullen et al., 2000; Drysdale et al., 2006] .
In addition to dynamics within the IO basin, changes in El Niño-Southern Oscillation (ENSO) would have influenced both the seasonality and strength of the monsoon vis-à-vis a zonal shift in the subsiding limb of the Walker cell. Fasullo and Webster [2003] find that the timing of monsoon onset is strongly correlated with ENSO such that La Niña conditions lead to an earlier onset. Thus, a change in ENSO would produce a climatic and isotopic influence over this region, and this effect could be modulated (i.e., exacerbated) in the presence of a persistently positive IOD [Ashok et al., 2004] . It may be that positive interactions between conditions in the ENSO domain and regional changes in the IO are needed to produce sustained and significant climate changes in this region. This interpretation is consistent with the findings of Graham et al. [2011] who show that in order to effectively model the hydroclimatic changes in Asia during the Medieval Climate Anomaly, the combined influences of both ENSO and the IO must be considered. A short coral record from Vanuatu in the western Tropical Pacific by Corrège et al. [2000] hint at the possibility of some extreme ENSO events during this period, but the record is too short to properly assess the conditions at the time. The Ecuadorian lake record of Moy et al. [2002] , however, indicates nothing anomalous about ENSO conditions during this time period.
Land surface processes could also have been a critical driver in influencing the strength and seasonality of the monsoon through changes in the land-sea thermal gradient or continental recycling of water. The most proximal highresolution terrestrial record through this time period is the lacustrine cellulose record from the Tibetan Plateau by Hong et al. [2003] . This record depicts a significant enrichment in both δ
18
O and δ 13 C of lake sedimentary cellulose, which reflects either a severe warming and/or drying episode. The multiproxy review of Tibetan Plateau temperatures by Mischke and Zhang [2010] , based on a suite of lake sediment records and Himalayan ice cores, suggests, contrary to the findings of Hong et al. [2003] , that there was an abrupt cooling event around 4 kyr B.P. that exceeded in magnitude any other event during the Holocene. These studies together suggest that the Tibetan Plateau experienced an abrupt cool [Mischke and Zhang, 2010] and dry [Hong et al., 2003] period in near synchronicity with the isotopic changes in NE India. Cool conditions on the Plateau would be conducive to weakened monsoon circulation, and the dry conditions [i.e., Hong et al., 2003] suggest that the anomalous conditions we report from NE India were regionally pervasive.
Societal and Dynamical Implications
It is increasingly clear based on a growing number of records spanning across the Mediterranean, Middle East, North Africa, North America, and China [Weiss, 2012] that there was a significant large-scale climate excursion at approximately 4 kyr B.P. The new record presented here from Mawmluh Cave in NE India forwards work on this event by providing the first terrestrial record over the Indian subcontinent, which confirms that climate changes at this time were not restricted to regions influenced by the westerlies but also to monsoonal domains. Previous paleoclimate work in the Indus Valley has relied heavily on reconstructions of the flow from the Indus River, which integrates both summer and winter precipitation [Staubwasser et al., 2003] . It is hypothesized that changes in river flow would provide the most tangible link between climate and societal change in this region [Clift et al., 2012; Staubwasser and Weiss, 2006] . Recent studies of sediment provenance suggest that significant changes in the drainage pattern of the major GhaggarHakra river system (i.e., the loss of Himalayan snowmelt) significantly predate Indus Valley deurbanization [Clift et al., 2012] . These results imply that when the banks of the river system were densely occupied 4000 years ago, the river was small (perhaps ephemeral) and fed principally by monsoonal precipitation. Because the river had lost much of its Himalayan drainage source, it would have had no buffer against monsoonal precipitation changes. Therefore, the independent reconstruction of monsoonal changes documented here suggests that changes in river flow must still be considered in understanding the deurbanization of the Indus Valley Civilization.
The Mawmluh record also provides a significant improvement with respect to sample resolution and age control, yielding a refined perspective on the duration and onset time of this climate event. As can be seen in Figure 1 , a number of records seem to cluster close to one another (e.g., Gulf of Oman, Shabban Deep, and W. North America), but there are also some records, which owing to either hysteresis effects in the proxy (e.g., long karstic residence times), nonlinear proxy response functions (e.g., dust spikes), or lower sampling resolution that tend to blur the exact sequence of change. Madella and Fuller [2006] highlight how dating errors in low-resolution proxies can produce marked differences in understanding whether climate events observed in distal sites are causally related and how reconstructed climate events might be related to societal change. For example, the choice of how to apply radiocarbon corrections to the pollen sequences of northwest India will change whether the deurbanization of the Indus Valley Civilization occurred during an anomalously wet or dry period [Madella and Fuller, 2006] . In other words, low-resolution records with poor age control can produce antipodal hypotheses regarding climatecultural linkages. So while understanding the regional cultural responses to climate extends beyond the scope of the study, the Mawmluh cave record cannot be "wiggled" more than a few years in any direction, which reduces any future ambiguities that may be associated with dating errors of monsoonal changes at 4 kyr B.P.
Because of its uniquely large signature, in terms of both magnitude and spatial scope, the climatic changes at this time bring about a number of questions regarding the global climate at this period. Ding and Wang [2005] and Krishnan et al. [2009] have shown that changes in the ISM can influence much of the Northern Hemisphere by producing a Rossby wave dispersion pattern that affects the location and strength of the midlatitude westerlies. The change in midlatitude westerlies, in turn, enhances the intrusion of dry extratropical air into the monsoon system, which further suppresses the monsoon. In this way, a positive feedback loop between the monsoon and westerlies occurs (i.e., weaker monsoon ⇒ change in westerlies ⇒ even weaker monsoon) that can generate circumglobal pressure anomalies and provide a theoretical link between proxies that would be sensitive to monsoonal changes such as in NE India and those records that would be influenced also by westerly flow such as drainage from the Indus River or the ice core and peat records from the western United States. The trigger to initiate this feedback loop could either arise from a perturbation of the westerlies from a high-latitude forcing (i.e., the North Atlantic) [Bond et al., 1997; Hong et al., 2003] or from dynamics within the tropics. The latter was discussed previously by Booth et al. [2005] , who suggested that a strong SST gradient in the eastern Tropical Pacific coupled with anomalous warmth in the IO could produce global climate anomalies akin to those experienced between 1998 and 2002 (i.e., The Perfect Ocean for Drought) [Hoerling and Kumar, 2003] . However, the challenge in applying the dynamics described explicitly by either Krishnan et al. [2009] or Hoerling and Kumar [2003] toward an understanding of the changes at 4000 years B.P. is that while these feedback operate effectively on short timescales, it has never been tested as to whether they could produce an anomalous climate mode for decades to centuries.
Despite what appears to be growing evidence for a widespread climate event at this time, it also must be acknowledged that a number of locations, which theoretically should show a signature of this event, appear complacent. For example, the Qunf cave record from Oman [Fleitmann et al., 2003] and the Dongge record from China , which are both touted as proxies of the ISM, lack a signature that is congruous with the magnitude of change observed in NE India. It may be that because neither record is situated directly in the monsoon domain, they lack the sensitivity to the ISM of the NE India record. Further, with respect to an arid region such as Oman, the presence of an overlooked hiatus or period of very slow growth may plausibly explain the absence of a 4 kyr B.P. excursion. It is also clear both in the paleo [Sinha et al., 2011b] and modern [Conroy and Overpeck, 2011] contexts that ISM precipitation is characterized by complex spatial heterogeneity. For example, NE India can exhibit antiphased behavior with central India. In this respect, reliance on a single record from NE India to characterize the ISM is tenuous, and therefore, it is acknowledged that additional records from the Indian continent are urgently needed to provide a conclusive picture of monsoonal changes at 4000 years B.P.
CONCLUSIONS
There are some tempting hints that the climate system at 4000 years B.P. may serve as a remarkable instance of a large-scale, abrupt Holocene climate event. The event is particularly interesting because the climate at the time was, in many ways, comparable to today's [Corrège et al., 2000] . However, there still exist a number of major impediments with respect to quantitatively understanding this climate event. Much of the uncertainty stems from the fact that most of the available proxy data, including the record presented here, are only qualitative. General circulation model simulations that begin with realistic 4 kyr B.P. boundary conditions and are perturbed with a variety of forcings would be a useful starting point to produce hypotheses for the dynamical underpinnings of this event. Similar efforts have been successfully undertaken to understand potential mechanisms that lead to the 8.2 kyr event [LeGrande et al., 2006] . Ultimately, the model simulations would need to be either systematically linked offline to individual proxy process models or simulations that include tracers would be needed to place the diverse proxies into common quantitative climate terms. This technique has been effective in understanding the complex signal across the Last Glacial Maximum monsoon speleothem proxies [Pausata et al., 2011] and could help in this context to shed light on why the signature of the 4 kyr B.P. signal in Omani [Fleitmann et al., 2003] , Chinese , Middle Eastern [Bar-Matthews et al., 1999] , and Indian (this study) speleothem records have such distinct differences. This effort is needed before the proxy records can be successfully operationalized by archaeologists in such a way as to make a substantive comment on the role that hydrological changes played in the cultural changes across the Middle East, India, and North Africa at this time [Weiss et al., 1993] . 
